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up-regul ating bone norphogenetic protein (BVP) gene
expression in bone cells via the application of fields
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is generally thought as
FIELD OF THE INVENTION

[0002] The present invention is directed to a method of up-regulating bone morphogenetic

ol

protein (BMP) gene expression in bone cells via the application of fields generated by specific
and selective electric and electromagnetic signals for the treatment of injured or diseased bone,

as well as devices for generating such signals.

BACKGROUND OF THE INVENTION
[0003] The bioelectrical interactions and activity believed to be present in a variety of

biological tissues and cells are one of the least understood of the physiological processes.
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afflicting the elderly, certain types of osteoporosis
may affect persons of all ages whose bones are not
wa@adpsmeTil3é o functional stress. In such cases, PE/USIWT000793
Howdiry, theiptas fSceetlyebeeh gmichi reseatchl missthesh interattioal andradtivity regarding the
cancel | qus_bone durin r ri ods. of
growihandPpaiL @k GesAm tasa%%é}%v%ﬁﬁ% %é% o, TR g much research into
My when
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ost eqporot.i c skel e m ni shed bone density may
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[0004%r By thiViisSdse coRMEnBPliwi R dstedpolodiz il deiihdtaliRBIaAS becomes

ternative nonsurdical therapies for such di seases
abnommalyreredied. Bma@mprrsgs @e@rgeme compagh ef ¢dllsfand mepdrix as well as an

s 58, SRR s P P SE bR, RARB R potsenns

ﬁber§ ﬁbﬁ% %ﬁpfb%iraﬁtle@ Bthithe i@m&b@alhﬁﬁipbﬁgnsotf baleivappliczphdte 85%und calcium
and Adm nistration in_1979. The or.i gi nal
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are n@t&%ﬁﬁﬁt @atn&ional diresy\edi eudhhxweg;hpattentsbﬁay h@enemmgmﬁcant loss of
underlying transduction, of ctlhe p | cal sltress i{]to .
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ankl% IEE‘R’&Jell ds %ég&qtaﬁﬁé p&Rk. SAI@é:rﬁitﬁ)@%nﬁﬂgk@lﬁh&)a jeB fdr@ich diseases are
i ghl'y-conductive extracellular flurd, ?
neede:chpam tive coupl ing directly causes currents in the
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nonidxasive tehﬁnslu gicaasing 1PEMF< exctl mgauw emmﬂnag @ebererthe ¢lectrodes are placed

prot eogl ycans and col |l a n the bane.matr.l Thes
on the skind Rt sAENEMZORPISVEE A8 flgurﬁ{ﬁog)ggg{épmveogﬁmsag?&era?e small,

irSthe Al dhy-L &SRRt R Stbdlular fluid, whil iti
lndu(?égansg#ggﬁ%r%?ﬂeﬁgb ::apa g?l }(I) st ICFITU | at I[{‘é% I %rn euIC ew11 © capacitive

coupliygtihesiyscansesgurrants irf tllabiswmﬂtqth REMHschind K&n therebgymaimic endogenous
f.ormati on of bone.

electrical currents.

[0006] The endogenous electrical currents, originally thought to be due to phenomena

occurring at the surface of crystals in the bone, have been shown to be due primarily to

movement of fluid containing electrolytes in channels of the bone containing organic

constituents with fixed negative charges, generating what are called “streaming potentials.”
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[0007] The main application of direct current,
capacitive coupling, and PEMFs has been in orthopedics
w0 pooiealiBeg of nonuni on bone fractures (Bri ghtPeT/@82005/000793
Studiéd of eldctnaﬂ packdhdhh BUsY: had: deﬁloﬂlﬁratécﬂz%ﬁ],ecleil@h-blmtr'&Bﬂtransduction

Paol | ack, J. Bone Joint Su g 67 577- 585, 1985
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strainill;e@ rt]é gg{;glr‘]tygglﬁ&?ﬁgle Edgqﬂs ca ‘t?lﬁ of %u{lw%ng g(%& ceﬁ@@n&)ﬁﬁg ofa
calm%ag)geq a{flﬁ{ 5&&3 %n@é R forma]nd:)rﬁﬁ‘b%hé O thop. 4: 579- 584,
as al $o been shown that PEMFs (Mon
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angiogBhésigd g&rttl Ezoeh%??@rfdl42 N 987 PBERR Wit et SRR 6t cuff tendonitis

e ef ects sti ation has on tissues and cells. For
refrac&mrtplsmxoldunjhammdmﬂm epentiond néagureslishewed signifisantdenefit

oy BRSBTS 308,
et al. @%@%ﬁﬂﬁﬂa‘cs @Eé a{blh ?%\f an BpPopHate Eﬁ]}gacuﬂfeba link98ectric field to both
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|
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83- A 1514- 1523, 2
PEMgp @mper{é;rgwsca{}@@qngﬁalgﬁs agd eghersti L\S,)% glee‘g%ﬁ)({l@&ﬂ% pﬁ'[gtftrqlt&acellular

orgarfe'llgg' éftm)ﬁh%lo\ﬁod FHROSFARbERE NS ‘b‘nlé&‘trﬁ&@lﬂ[h@ nSatri VI QN8 FBvivo

transduction of PEMFs or conbi ned
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acel | ul ar
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activated (cytoskel etal) cal modul i n.

A, 1514-1523, 2001) reported that signal transduction of a capacitively coupled electric signal is

via voltage gated calcium channels, whereas signal transduction of PEMFs or combined

electromagnetic fields is via the release of calcium from intracellular stores. In all three types of
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[0009] It was reported in 1996 by the present
inventors that a cyclic biaxial 0.17% nmechani cal
W@ re0giomo1ps oduces a significant increase in TGPOI/NSIRBE000793
electrid¢nl €t Atisd thrS: iE%nEﬁchﬁH@&n egbbdid Bidightwith £§ubatquent increase in
Bi ochem Bi oph Res. Commun. 229: 449-453, 1996).
aCth‘S@‘\*/éCrYzﬁfPSk@e@W %3 aﬁiﬂ st ydi es followed in 1997. In one
t | 0
10008 Yy e L PO B RElch I RS L e PUONRY.17% mechanica
strain froteas @ sighi it mbrakiNA TEF-Pi MRANA il 0llﬂﬁll‘€d§M(§3T3-E1 bone cells
(Bri %ht on et al Bi ochem Bi op Res. ﬁi
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studi%s?fggg{é/'é% Y£h 9oL ﬂyﬁeesqucﬁj 65 % ohb& by g: Wé]lfér‘%llaygﬁl 0.17%

a si cant |ncre in
mechbrmel gtelin proﬁBmedgiﬁ1gnﬁea:nt aicreasBlmE]hGﬁ\-A BnRﬂ}siAyiB sinfiésg bone cells

237; 225- 229, 1 f h
(Brighiom <l Gophar Haaborest hamviferbL Has ot SBGek wes also reported that
a 60 lﬂgf’ g4 a%ﬂ 1edi iR 15418 of bORNIEm! frodlRRd a significant increase in

erencgd parent patent application, entitled
TGFJBeguhﬁh]aﬁbomﬁceﬂe(ﬁﬁghfomewqdpl&mvmoﬁzophysslﬂex|Cfanamand37' 225-229,

Sel ecti ve El ctr| troma etic na|
ool e ot e L S e RS e ek i epored n
htera?cﬁlg sel ective el ectri cal and el ectromagnetic signals
use in creating fields for regulating target genes
[0010]f Dhi the as@a-weferénvied pargnt pasesni epplichhen, mnéﬁedlﬂeguiwéan ofdmenes Via

buij.l ds th chni que desc d there
Appligadt DEATRETIC KB BRI P e AR e Shalsy msfhgds were
discldRE 961 Berg BB ¢ iR ipeYific RATBEYotivRANR 1Al RIPEEARIthsenetic signals for use
protein(s) gene expression, through application of a

in creaiieg dictfsfer l@gé]dtlbg/ tagges genssfof dissmgd o indwter] Jissuss cBhenresent invention
buﬂd? ﬂg%]%e h?gtécgh%ﬁa e %eal lga?gh bk’ d%écef tilja %?ettlg@(ﬂgf rgéulgt{negg&pressmn of

r's 1 ons,

one t@gefotl ache FRSGly, B@ﬂﬁélyﬁ&ﬁr%ﬁh@rph&@n@ﬂc f)tdﬁmﬁ@)? gene expression, through
oSt eonecrosi s or avascul ar necrosis, as an adjunct to

applieatisarofaisld gerssatediby pepecilicaandsssiective elseirissl aamele&iﬁromﬁgneﬂc signal,

T Tl S

defedt®) spi@g Hisadns) gstemmeerosisfop hmg;emlat necrguis) e hm adjene to other therapies in the
expr essi on | n_bone cells, via the aggtl cation. of fields

treatig@H e ope T Bl ok s @peyS 2 ’dl & frepim ERAPPISISand/ or

el ectromagneti c signals. By perform ng dose-response

SUI\@HAWGF‘THE‘?H@VEWIO@I field duration, anplitude,

requency, and duty cycle, the opt|nal signal for
[0011]p- Th@pldeaetnt mg/ebbmerahquhmwﬂ@mgd?qnp oo geRN prateiipgene expression

overed.. The t
B VD NG o s S PR IRE S8} Bl amaor
electfbflna%geﬁ@/élgﬂals B EHT @} Wse2&pbAdd Gurved ohrtkéleteneiy fiefd &ation,
Hz,” a duty cycle of 50% and a si he wave

ampld@dﬁ iftpguendyorndquty gyele.dhe @ntlmztl iseeng} 98 Bptregiting haps morphogenetic
prote W%L[\ﬁg érhgorlfleo Cell§ %ls afsc&%r g gg{ @QP&?&?%E&&QEE@ 5%5&01t1ve1y coupled

expressi on
electric field with an amplitude of 20 mV/cm, a duration of 24 hours, a frequency of 60 kHz, a

duty cycle of 50%, and a sine wave configuration. In particular, the present invention relates to
up-regulating bone morphogenetic protein (BMP) gene expression in bone cells via the
application of fields generated by such signals.

[0012] In accordance with the invention, methods are provided to specifically and selectively

up-regulate the gene expression (as measured by mRNA) of BMP-2, BMP-4, BMP-5, BMP-6,
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application of fields generated by such signals.
[0012] In accordance with the invention, nethods are
wee@siorads t o specifically and sel ectivel y up-rBgIiUs10es/000793
and BNIB-7J 8@ &ﬁﬂﬁiﬁﬁﬁ%%\i}ﬂ&ﬁd@@ﬁ& feRId, diyctroiWehed BAIBs,2r combined fields.
BwWP-4, BMP-5, BMP-6,and BMP-7, wth capaC|t|veIX ]
Freshcfsappires fesachwes ataisk) delaped vajoasmonrpigndtacaires, bpppsdefests, osteonecrosis,
conbi ne ' . - r te L)
osteof P Slun it BE e ARl FEET oy Bl R il about 20
mV/c@sivih e Gleicticld sempaod shait 2ahduishe fieglehcab€60 kHaf £duty cycle of
Wi th a capacitively coupled electric field of_about 20
aboutAR e rAngia neavia vy euiignEiipn dia casFaihe &ﬁ%ﬁﬂ%@fﬂﬁﬁi BMP-4, BMP-5,
A 7 §0cfi4#d. TR allbirdarcl Gifh 1B nRBRIHLof the inventi
]HMngéé&E%@PgIggﬁgg%égg%gg%?ﬁguratﬁon t%%t éauses the() © Thvention,
a “specific esdsddective” BiyRalds a BigRal4hatBPptedeBivRingd chardctBigRicg of amplitude,
rNnRNAs to, be up-regul.ated, | ccordance with the
duratiog figg-cpley FedHRGEra gt elrmalyd APreEuales M gRRrETgR of the BMP

genesi(hgé@ﬁci’.t . ‘Bhis hABRS ohd @t chBes BFfedst 8ERHINRAp-regulate BMP gene

racteristics of anplitude, duratron, duty-cycle, |
exprefssiengiangyer tandhiwes e givenrbiohegical pr thetppieuierespinse (selectivity). The

. xpr.ession of the .BMP genes (specifj ci . Thi 1 .
inverB RO Oa6E U GRS o O eh it bl fpleRhee specifi
and sERPSVES PIRS hhORSate FieRI A6 tipr&zud iR\ posgibl 6NBMP genes.

bi ol ogi cal or therapeutic response (selectivity).

The
[0013]nvisrrelatad dspecthde present iyentipngeslptesds mathds and getipes for the treatment

hods d ' . ' . i fi . )
ot SRR SRR E 0 S BESLEA ie sion
osteohB& 08X Rk @8 Sidfuncoio JBMP tigensss trdafidd 3he br metadfatle alspecis] in the

the present invention relates tQ nethods and devjc
treatrpeit of pefcepaatifrebic ratthed ekthe fvantien &lso mefudet ﬂwggeté_?fﬁogy for
deter#rfinslh el %((gﬂc HEY ScetivEO BhH1 ¢ fe gﬁgl%ﬂstlosn by Rethodically
u3|%n, osteonecrosi s, as an adjunct to other
varyih§ @feaduirgtfort sfeadtartigg sigaaldmownrte insfeasber abspeeted dmihcraase, cellular

AT A T A -
the o%l%b@lr JrRidiofithife a5R8GHih& BN $EALErdSIon D %1\&1’—25 BWMP-4, BMP-5,

gene expression by nethodically varying the ) )
BMPdtiraatl BMP-&F The dubrayclegfrequgney, ake sxamefoomiane vasiedanetbedically in the

suspected to increase [lul ar productig f B . .
samcs R FOPO g T BEf MATC Sihears s Uit el el e s consant. This
procdst & Rp&RG urtf tabptRek! fshal ib Getefthing@ that ?foﬂhb@ﬁh@ ErehieBEincrease in

as determ ned by the gene expression of BWP-2, BMWP-4,
the egpssion G\BMEs. and BVP-7. The duty cycle, frequency,

nd..wavef orm are [ ' dan. t . . .
oor BB LBt B PR BRI RS otoning

detaifidgRriptda Al attions constant. This process is
repeated until the optimal signal is determ ned that

oduces the greatest _increase in the expression of
BMﬁWMS@BmmOg‘&EJ%EI%}%N%pemS of the present

B I e
inverDIRAMINGSN conjunction with the accompanying drawings, of which:

[0016] Figure 1 is a graphic representation of the mRNA expression of BMP-2, BMP-4, BMP-
5, BMP-6, and BMP-7 when bone cells are exposed to a 20 mV/cm capacitively coupled electric
field for various time durations. As indicated, the maximum expression for the various BMP

mRNAs occurred with a signal of 24 hours duration.
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[0015] The present invention will be apparent fromthe
follow ng detail ed description of the invention taken
w0 poosomjiaacti on with the acconpanyi ng dr awi ngspCDS2005/000793
[001Mi Eburd DQ1Braping deReskniafion oS IRINA expressi @sef BN BMP-4, BMP-5,
the nRNA expression of BMP-2, BMP-4, BMP- 5

, . BMVP-6, .

BMPz(n @n@RIME- T towReclietre sxpased 6088 cRacHively Gayplehelectric field
Jhl V . . I . .

o RS B PUEL A Sk i S PRI e varios

BMPtHHRNWa focousedBivth affidRkamplitude ei20mdiiera si gnal of 24

100181 pFiguEht fta SAPHIP TeHRRARISHEN SE STV SRTBESTLS! TH\JB-2 BMP-4, BMP-S,
BMPRand BV vohendfle l%éﬁ’s drec MRS D R arfol k§pa@{tgvem§féadeq&mc field

various capacltively coupled electric field anplitudes
frequendiés witllafiatd anplithdedf HomVécm Ard  sighaladvaetion of4rtwursrdymindicated,

expression for_ the vario NAs occurred.with a
the mpax W&WF?S&%@T El?e %loﬁﬁ/#m W%?ccglrraﬁ Withz frequency of 60 kHz.
[001sgf aﬁ%hﬁe 489 @%Elﬁ% Qééir@éénﬁaﬁioﬁﬁmmﬂfe s6h 6f BIAV2, BMP-4, BMP-5,
MP-4, BMP-5; BMP-6, and BMP-7 when bone cells are .
BMPesx o BMP-G whani as celipareickpased {0 vasioys sapasitiveby saupladelestric field

duty gg}‘r'cg ;\T?irﬁg%] fr%gt}f%ltﬁ?f 8? 6§ zda ﬁE’i@' akfg)lfl?@dgqf 2%21&%% Thi 'ﬁ@ig?rlal duration of

ours. ndi cat e maxitrum
24 hoT A9 HideRatddothetiexiMman psesBVR forthiésarins BVE RNl oacurred with a
frequency of 60 kHz. [0019] Figure 4 is a graphic
50% defyrcaslent at i on of nRNA expressi on of BMP-2, BMP- 4,

My  Sorafhl 5 Hffé}@ leSsi@ 6 BYRRS &shPYU, BMP-5
[OOZ@arFI%Hgg)C Apa |a?1i[ﬁgé Sc%lhaé\qegg fe ec%%ﬁé e?slﬁ(;}fgf duty”’ ’ ’
BMPC4,Ghe BMP {7hwigerf g celic yre ekp&Bd kd-z capacitivelyctoapietl ietagtie field of a

of 20 mvV/cm. and a_sj gnal.

durati on of. 2 . As
50% e S g LS P Bl 2D5A R B eanency o
60 KITENAS i REGIH B Mtithuth é&%s@%ﬁ%fo%ﬁlkﬁiodsm@]mm%ro@cémd with a 1

i'S a graphi ¢ representation o expressi on o
minuBMENZ, 1 BiviclQFBIPYSJutBEle, and BMP-7 when bone cells

0020, BiagBSR it ool B AR B BLEENR S5 B it Bone cets e
expokdd®bd AR BoflePonBMIEIE 5096l ddty oy ele wRmal(20fm BRuk 160 kHz, sine
As 1 ndicated,” the maxi mum expression for the various

waveBVBrsniRMpslset 0Pk duty eyclersignal. A indieatedhbpthisigraly ghewegpssentially the

50% y cycle. 1 fgure 6 is a graphic
Samerigvﬁf@ictﬁfﬁ%feow %&IQ%M%RI\IA expressi on when bone
[oozzgel F%u@é ¢ ieX Pﬁ@ﬁi& rbfregentAon oif BMER)prowiiireduction tand utkiakine
0% duty cycle signal (20 mV/cm 60 kHz, sine wave)
phosp]@qtgs@gtc‘gwguwb@rub(g@%egg f5p e@y@qeg tQ péﬂ A c_lut;&qulﬁdﬁagadqﬂ@éﬁly coupled

. I,qn ' t fave-f.0l :
s P u AT AR R 8 9 ld mras
in BVB gioeidtivn aad 20f/@BERd Zngpeast @i alkgdirechhosplatasandivatykal i ne
hosphat ase activity when bone cells ar .exr%osed to a .
[002&%@9@9 8dye g@gra@égﬁléﬁgqlqgear @evg&}g{ wrregulating the gene expression of bone

morphogenetic protein, in accordance with an exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0024] The invention will be described in detail below with reference to Figures 1-8. Those
skilled in the art will appreciate that the description given herein with respect to those figures is
for exemplary purposes only and is not intended in any way to limit the scope of the invention.
All questions regarding the scope of the invention may be resolved by referring to the appended

claims.
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signal (20 nvV/cm 60 kHz, sine wave) for 24 hours. As
i ndicated, there was a 1.9 fold increase in BMP-2
wee@dontiBon and a 1/6 fold increase in al kal i nBCT/US2005/000793

[OOZSH’ hosRARERREINA&itioni 16 Basel @A48d dibédrrthdt the eRprdssd@l @MBertain genes can
| lustrating a device for up-regulating the

ene
be reg&zpc@bys therapplicaionef istdstaspertediby speaifie pid sqleplive electric and/or

oS RS Ao R RPN a8 598 s

there E\BsgebieNI2 1l D&M eldteronngadtio si;gnaslvtﬂak gé:r&rzdezsa:ﬁelﬁefdr iegulating each
detail below wth reference to Figure :If

gene Bihaneeepritlage prd ether tisne callssing élilaétﬂ%?s? Fet forﬁégnaTs are Capable of

; t B fd
GG R SSIEND I SRRl I pgat e esin
goverafiyg thegrdvah) maintentine, Bscpameamh‘deghtmrat[mmtdetﬂmoraﬁom of tissues or cells

uesti ons regardi th h
o oSS TR sl e 1S Scone o i [puentlon b
spec@ﬁ EndPERShive ele@ﬁff‘c%ﬂ% elerbRagthie @1§I1QE s8ia§ %Hﬁcé d@Hlutary clinical

e expression of certain gefes can be re
effect Beclagiptdverits omn uséfuf ingheldevpbopmnent eﬂtrwmslpiemétho@ ‘@ﬁ’@targe’c certain

B R A
bone HEMER! QiconbeBbis ta'@%%d11ﬁ10ﬁ1n&ﬂ@ﬁ'héth1@nﬁdf%ﬁ§/ loh6 oA O6f the above, and

el ectromagnetic signal that generates a field for -
mtherteegitmmtl@ﬁgsfé@mirogéne in bone, cartil age and ot her

[00265!I S %Psg reétbgfgef ]?I"Frh t“s% %f ei%gt'gzr{ef\ce;re \ reg?ﬂ @ft s‘?%nals lﬁlcludmg

mechSf08SsigrialsS URAsGeld! sﬁ%{wlsﬂ e]l@@ﬂfdjm@gﬂeaé siggsisend xlpctelss*x,l@als output by a
governing the growh, maintenance, repair

devicdodidntr b mskrssfocieidhe Sy TSI GF Woratien rifergiansiecgipal field
witif bR HERE v A3 G SRRt Acks # phRUFTH Rt Bt o
generafkiagtdiret elrest, ichpacitivg/ conphgort mdmrﬂgra ebupm@ gnal s so

as to produce a sal ug{flt clinical ect

[0027; sEeshrpses Tanele] gt We%%ctwgvaéﬁ ﬁ?defar?% istance.

« S di T id
e
remdtelyétyeﬁrsmlpmmdmgrﬁm adistanondodekaupls, providagrresmesiicand selective

&gna? %@an adl uen géyaéqn%}]{]rg@} fq,e@rtggﬁgr%% t%&slggélttgg)g &(,)srg%r%g% a 81fstance froma

tissud &Oazcg%]ll %ﬁ%eéjso'ﬂ%e%ufmdé beorRRteRse to te®oal.” is used to
refer to a variety of signals including nechanical

[0028]; gﬂaﬂ shrase ‘ispectoeiarl @ﬂqyﬁac”smg@al arsenpaaigndithat pspdjieas an electric field

d t
that 3R qesceegutnen A RS P Ritplilie i By el Pt oSy, and
wavef§npihalyPedehistddr doval-tbgwlatdd fardedddggsne dr targawafunmmdmgrof

it is a conbined field or _a pulsed el ectromgneti fc
compfl¢ra¢ntanyrgegesnispentieityThis plYS e tpshposeduilerent specific and selective”
sign s? téﬁLl%)l-r%gulg{e oasﬁgglﬁtﬂeglﬁat%%ﬂg}ebﬁgn of gaglt%gll; g%_ﬁr;ég 619 Bfd$ & achieve a given
biologRAl 61cthér@ Felftfcqaspanch tlactbaty).” Rermt e" regulation refers

to controlling the expressi ?n of a enelf{ om.a
[0029i sTheteam “reguite)\ingans to control gene expression. Regulate is understood to

include both up-regulate and down-regulate. Up-regulate means to increase expression of a gene,

while down-regulate means to inhibit or prevent expression of a gene.
[0030] Functionally complementary” refers to two or more genes whose expressions are

complementary or synergistic in a given cell or tissue.
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"renotely" refers to providing froma distance. For
exanpl e, providing a specific and sel ective signal
WO c@si020186€not e source can refer to providi ng tPET/E5paaD0793
[003 11 OrMigkuSOLETER téiki Aggitgitaotelk teputiaer wiithstheir extrawelhalht substances that
or froma source outside of or ex%fénal ép t he,bo

form ppeoBiheHEctHl AnterialiRfd Ratienta A used Reeiny e iy H%ﬂsugg is intended to
1ncluﬁ§§1ﬂ§cl@ gﬁcjtl 91%%{1 tlts%ﬁt IR GRS s ALIE sHohE bF cefrhﬁgg tikfRL Also, the term

racterlstlcs of anplit
“tissu@tl maugentherdumyca}m neferfms mqumlnugh,lal aelll wavef orm t hat
ate_ or dovvnr % a tar eted ene,. or.

003315, GE0ien ikt SR ML AR & gfordbly 2 human.

[0034)S PR 1§ﬂe§é1ﬁ ﬁ)ventﬂﬂ ProMde@WeatBiRet ﬁiethﬁﬂé)ﬁﬁ?déﬁ’idceg eHa® thrget certain
speciTiC and sel ective" si gnals to up- regu ate or

tissuaspoallsroe diseates. loyppriwukirdhe génocxpression gesesintadivish themrepagr process in

mJure(ach%rl (g %} 1?s>§¥§snc[rg>|6§§(fa%ﬁﬁeereg%r tr%td %Srrtﬁé) %pi{hg&tlé&le c?afﬁ?elés ogenerated by
electﬁ@ﬁ?ﬁﬂk {1HE AR PEARfieaRd Slective Go thE genes t6/DERIgalaRRIdNtRe target tissues or

i ncl'ude both up-regul ate and down-regul ate.
cells.(gpeneergptession mb@un-tﬁgulﬁﬁde@g@wi%@@ the appligatien of signals that

are S%E*‘Hl %l'gl s\(lg\'ﬂecéyeq %IOI' %ac eg%?%g §%(?1 Ej.ﬁ‘[;u e E‘I.Il O%éizrﬁé&vg%ﬂgs so as to produce a

benefERAPIIRAGN EEBL. Fdr%&@ﬂh?let 8 phitioular speoifie @dmeﬁctﬁmglal may create an
expressi ons are co errentarY or syner IStIC Iﬂ

electrg; {ield that|up-rsulaies w@ﬂ%@mab erpes SEPIEs R e hgfame or another

partlﬁ ?gﬁgg gﬂé éigdtffw% $ r%gone Freﬁ‘qq;ahlse?e{éﬁg({ %«?gttﬁa@ngtstf#lffg lates a certain

undesifable gaicieptessids. Alsethihgere may bhep-tegubated byss ﬁeld geserated by one

i ntended to_include, nuscl.e, and or tis t unpor,
pamcml%rsseecl?ig S e B B G BB LORS ol R pyg guother
specﬁi@ € ild b@t 931%rﬁ§ T%@sk'i‘l@é’(ﬁhﬂhérﬁy W’i‘l'l 8Rddr&thd thhOccedMain diseased or

0032] "Patient" refers to an ani mal,
inj urq:ﬂ taeésaesad:ﬂnybeetaHmWﬂﬁbr trmnerltmyeﬁgtrlathng/thasdﬂmam goYcnpss }he growth,

The present na(;elgntl otnélpr ovi;] 3tt%etnts rget hods and
mainfengn egeptaﬁa?ndt FaTatas e er’tofag’soﬁe &P or
[0034?i' SERS AR thollf alPddvided b@the prERnBiRRENtRMREBSe@0n identifying those signals

associated with the repair process in injured or
that giinerateselds thet e spepificand splechine by th@we&ﬁmswn gyseciated with certain
targe tﬁp(#se%?et (S)rr}ngligr?dl tés%lé% gog 8}%%2@& ee?ec&( ﬁg{sé}gﬁglzé %ﬂﬁ%’z& g., capacitive

couplifif] th@ictisle b@u}ﬂiﬂlg, éanfitgadd ficlds)wan spd?(nﬁc&lllllysmd Cﬁ%ieﬁwely regulate gene
expressi on can be up- regul at ed %r down-re u ag
exprespienap pireded fiesHeotr cile e Battenhs badedy ﬁ%raﬂ ﬁ@uencya anplitude,

wave?c?ljlr? &1 &¥§ g&{e o?ﬁl%réggff&?ﬁéig £SAG0h §é%ct94 1gm AL @ {e@% ¥f time exposed

es so’a ce a beneficla
to eld'_cﬁﬁm@)«ammllsa mﬂuqme thecnabainlf@y:refcale‘ctmﬂa{rtd sp@llﬁalaﬂly\aad selectively

ghal may create an . electric |eId f.u ul at e
rogulgiockSnE SRR PR A SRS R Flsal Bt 0y P iftgyselective
si gna‘rl’éqﬁta? g[anéi@t% tele%Hicaﬁel&pﬁi; gﬁﬁlﬁzaﬁ&g QLR %Eﬁé’@sﬁhﬁtﬁ@éllﬁﬁﬁll the proper

creat€ an electric field that down-regul ates a cértain
comblm:tem crfaﬂ:dqeelgs'n amplipdesrivefnrmpdaiyrayaienangedvaaticayis ifeund that provides
te by a fi.el d generated by one particul ar
thed%% %8 AhECEHBELT O, signal and down-regul ated by a

[003%] etids GeneiRleREJMthANORREy of diseased or injured tissues or disease states can be

targeted for treatment because the specificity and selectivity of an electric field for a certain gene

expression can be influenced by several factors. In particular, an electrical field of appropriate

frequency, amplitude, waveform and/or duty cycle can be specific and selective for the
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speci fic and sel ective signal. Those skilled in the
art will understand that certain diseased or injured
wo c@soea3can be targeted for treatment by reguP@/URY05/000793
expreb IS 6f GRIRABSgAHRY B HhIYpiovRledo LMk ShtedRéalh BMANTRpdr flfatthss (e.g.,
and degeneration or deterioration of the tissues., .
duratipp @3 tineTixgosadtth deiselegtdcal digld) ean also infliepecsthe gpecificity and selectivity

inventd ar.e ' i fyi ' :
ot an Y ERLA 00 SRR 2 TSI O RE8 B A Splfin may e
more bITEctBRN6r A pssible) vasthe applietioniof bn electriaalidld fayet prdticular
diseased or injured tjssye, For exanple, electricity. )
duratipp off tigney Fhersfrse.itheseslalied g ?heégﬁo\éﬁr‘fl%@t@éd tithgypresent invention
poviBBE LBy AIRASE Lo gEs a0 L0 ekl o
applidatiss b€ an elecitiel fiedd imildhpeltetanticll is dolynddy be apsaligandweelective for

LI P T A (R Y —

hﬁmﬁ&t @ﬁ@ﬂ§%gmto electricity can also influence the
capabi ity of electricity to specifically and o _
[0036§ el Brutsj thelpyesertgoyeantion gamprovidsrios kignted theataerge beesuse it is possible to
tissues.or cells in a pat.ient'.s body. .Specifi n . .
reEulifE FRREFIE O A es GarBra A g i eaporffbred issue via the

appli@RiBh 0f &eldeech&aRAGH s EBdcsTrl b Sighdly ofiliprépridie frequency,
proper conbi nation of frequency, anplitude, waveform .

amplidutey weyeform and/ar duty sv¢ledor an sppramaiaterdiratipngfites Thgspecificity and
desired .effect gn n ' - i 6.1

setee L0 B3 Bob OB TR PRl B ARS8 et

exprekdiS® UESerRin SRS AB6rdei ottagerantabeditargbiradjufal tissue or disease states

treatment because the specificity, and selectivjty of
for tregimente dn ppeticpas) the pissen Ipveption Arayides i ihe BEasteriamepiof fresh

bone ALl HeNGe b a 13&{2?181'1111{1&?t’o%ﬁédei%%t?,is&ﬂecfﬂéi@ﬁ;osﬁ:%_necrosis, as an

el"ectrica apprdpriate uency, anplitude,
adjuneeinethe treataredt of orduir yny yihe abave, ked spibe itfeatmeahndf osteoporosis.

PO R W S T —
speci%i? agc}j S;elgéffv@tflno@h/_ﬂ’f %e'hb RRprE¥RQs ethd @vid§ o IR phdskFihvention can

can al'so influence the specificity and
provide Fercthé pictlyctiom afisueh signals forfapplichtipn ito bosenells byiphleagj@ne electrode

adaptigfe ity BT Pt i R ebr B BN AR RARARE O o

[0038)7 P vk bF ARl prédedl iflvéRionardadpableWiapplgiigal ficld goferated by
time. Therefore, those skilled in the art wll

specifinded selestiyetsigaplstdinsctly osdprasederdARTEhiisshe Pode and/py to the skin of 2

. varying the equen ' - .
ol Ryt P! EBAEOR gy HUBh it HRVE} 85T S Bl ion of
specifiBtihd sélb@ivel fRtds' (6., fapplichtibs of el 4ta distarpdrnt diseaad or injured
- selective for certain gene expressions jn order to .
tissuqyy ethioueh ftovill hecipprasiotes tb%@ﬁ@q%elﬁcwﬁ? {syicss myiskiong the subject’s
. i nj L i i . T.
i, o 508 K0T Sl e slesrodes o
bodyREaautentiih thesvigiaig bbingurtd or éigedsed Bssax i thesagrofafapacitive coupling.

certain genes associ at ith a rt.icul ar di seased or
For cRiced® (HOSEE TURSFelneclipt e epBivclre Fedrodss Jumar i Bgped to the
skin ?%/tgg @gﬁ%{s b bBRkiGR| Rl A Rrsd SRR 1B &fjoidPR0. el RVRe of the present
invention may include self-adherent electrodes for attaching the device to the body of a patient.
For example, the device 10 of the present invention may include electrodes 12 attached to a

power unit 14 that has a VELCRO® patch 16 on the reverse side such that the power unit 14 can
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anpl i tude, waveform and/or duty cycle for an
appropriate duration of tine. The specificity and
w@edosoriwé ty of a signal generating an el ectrikel/usioe$/ah0793
be aitdEbedt iUV BECR M sudpéed sbowdsitted dre@id D8t bithe patient. In the case of
expression of certain genes in order to target certajn
inductiive coumingotheidsyise of theipsengat igyenfiosapaseingude eails ¢rsolenoids connected
reat ar, the present invention
toapBF@ruggql?héygﬁg&%%@&%ted treatnment of fresh bone

[0039‘] r aChddetce T0r @thepRseminviehtidn caiﬂmmmcinyedmmevadlefyeﬁtvsays The
pi ne fusion, osteonecrosis,.as an adju

dev1op r1@ A0aehR Dtabi ey %ﬂ?m@f’raﬂ‘ﬂ% oré%g@nerggr aﬁg‘iq'f@ a patient’s body.
The deb 84 TR h L {)reg’e?ft?r% &hc'fs refglggliiﬂon TRGadive Sf‘&xamgnle the device 10 of

I'nvention al so provi deV| that 1nc u es
the pﬁ@&ﬂt mevenﬁomnalyémslpphmbtoshgsian oﬁppa:mefnft by applicetbe of ¢legrodes 12

ene ression T of t resen
adaptp Jespori Wk e s A Pt os Ui driTgettan B R Siated by the
prede%é[rﬂﬁeé@s fe@i&ic%ﬁ@ 'sél@étwe%igrfaﬁ lS%E si(gﬁhlls aPhalRtbd ﬁEd QR&oils or
ectrode adapted to apply the fiel éner at e y the
solenside ¢ndtishownplinswhiel tmmerasylgg] euIT er{ts)ﬂ@@ thhprodusing eseqﬁc and selective

the res ent cap
cleoriyaitaReoo sy Meper T B G S forlle FERLHE Py ytion may atso
be caf)Eblg bEBASARtaQ6n inY putiRek, irichsliey inkslAtatatimler the skitefos Riret contact
a patient. The devices of the present invention nmay
'Wﬂhﬁmimnppﬁﬂpﬂéﬂﬂor the renote application of specific
S ( :
004 SFRERSERY 5y S PORBE. 0 B s ot venion

can bl provididd e wpietyesd fatradintlndingeagpaditivele |cyupiedhpd>\eek unit W1th
devi ces nust touch the subject's skin. Ee devi ces of
progmﬁréﬂqsls sadtinle; W@h@blﬁyﬁpﬁfjc o relralvprskgials o anlipafion A gne pair or to
multlb a%]s %‘ftefe?ﬁ{g@est & d &@roﬁ‘%%}{etﬂzf cofls RRb s6fhoild @tt&&faed toa power unit with
il I'nj Ure seased tissue In the caseof
sw1tchﬂﬂa,omt11trphs spacifid angl. sefeotiveesigmaid, @nd as ubtasoumdi stinkilgfar with a power

,.self- adheren ct.ive, elec rod% ma .be(ﬁttach%d .
supplty(fmf geneggting SB?Cl 16, éncg cgm: sgﬁa §oPHReL3 Bresge%l?m% evice preference 1s
based 5@@5&&1‘? e RpRRcdghdatibM Jéinp%@nce-rh‘ﬁe SR 8:€ af mbB&ortable unit

ent 1nvention may include self-adherent el ectrodes
avaﬂahic irathie actHat thee prh@nd@mp ¢9ea capacitize bouhlingfunit; hetv¢vwentpatipgs with

resent
exteefi raatige SR Ptz eipb oaRe A OY SO Hag BE T (1 o5 pape.
ultraé@:@.ﬁd AnVteGREE e Rt phtick® cObpetdidn] Btlk&ﬁ@ebéo‘ddéﬁ‘alﬁlu €8t Usbdly certain
t he power 'unit 14 canbe attached to a VELCRO strap
patieftsot shown) fitted around a cast on the patient. In
Exat case of inductive coupling, the device of the
sent invention may include coils or sol enoids
[004 00 NTREinOentich i8 dpmvastratyd ih thefoflowdey edanple ethicidie Sor purposes of
[0039] The device 10 of the present invention can be

illusteationapd és nof 1Biendad; tadipnibthe segpe of fieprgesit BWeRtPThay be
y be tenporarily or permanently attached
”ﬂ”%%ﬁéﬁgg F@%Fgg body. The device 10 of the present

[0042d]nVPIﬂ3T(3ﬂE1 Boild &flie(HRI1Y5 bl dnik) aedry platdﬂafntcewnlllg-mdidiﬁed Cooper
evice 10 of the present invention may be applied to
dishes Bhestellls weire groga tosavensipyapithiteamednbehaspetiusloney tq peginning of

ada meglg%l c81[1d1‘f’ RUAG ecyic?laﬁlgeﬁt eﬁﬁfu@:uféfs tl?roﬁéﬁdu?ﬁiesé HaibdGrere

the eXpg i‘on o fie ener at
subjected to a capacitively coupled 60 kHz sine wave 51gna1 electnc field with an output

o

amplitude of 44.81 V peak-to-peak. This produced a calculated-field strength in the culture
medium in the dishes of 20 mV/cm with a current density of 300 pA/cm?2. Control cell culture
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predet erm ned specific and sel ective signals. Such
signals may al so be applied via coils or sol enoids
W@ p@/0%1eswn) in which tinme varying currents flpOI/US1005000793
dishep iaiteiidichac e thokd of theBtimalapdidistes ex@pt thanthgridcirodes were not
fields that penetrate the tissue. The device 10 of the
conngptesiory fupphEISFFay al so be capabl e of inplantation
n t g
(004310, At A8 b8 e AP TROBE N S LD e TRE:ch Hfiging to he
manuFidser’s kndttuetdonsn adwevenseéd tnardstription @RS usmg@l@bﬁcdpt Ra¢verse

the devices_of the.present. invention ca lde
transqpias S TGP PSR IS T GETS | By e T i RSP CR
techr erlzl REfectell mnpﬁlﬁﬂfsﬁéH@WA@%ﬁénﬁéseor &ﬂgﬁ%@@ﬁgthe Primer Express

specific and selective signals for application to one
softmea program. duankitative eea[b@mesang]‘ysg lof R{T-BdBgroducts was performed using an

ecé netic goils o sol enoid attached to a
ABI%B 5@@??6%%6 @ﬁﬁe{’té‘ﬁ’a%fg Mul tiple, specific and
SRiOﬂﬂ | th%'cﬂﬁ%a&m@@ﬂ f(ﬁfnthwdem?&puplﬁieg&l‘ldtf@ﬂ &t BMP) lgBnéd—including
power supply f gener at i %pem i c and sel ective

genes i fpnaBMP-@e nBi\@ I4y BME:ki deviee BMEFEr eeaag others—was found
systerpﬁtﬁ aﬂh(aﬁsf g@lﬁl Nt ac et%P popgggﬁlnﬂncﬁﬁ (2 \rj%c;.r a%gpde% %lef ﬁuSt suspected to

incredde) c@l‘lulhﬂqﬁroﬂﬁ&ﬁﬁl%f 4 biven bfotéin €apaeDtkilesitoupleng takithtas the starting
however, patients wi.th extrenmely sensitive skin nmay

s1gnab rfef detaryiniag thedneqifi simglifen sEnaings theokield @rothﬁegene expression
gf thlét Ffofileciﬁ URG080 %Jsgor{sg %vareq Fps‘? BiS &?’%}9 the duration of the
, but may be e for use y C

per a esira r al n
51gna_ﬂ) a\t/hlw timldify aatp| the [cﬁﬁ)dirl bigitdle chars@eristion dmstdat‘r[ﬁmpliiaﬂed duty cycle,

et LB T Rt B L BACERERS O
for tlié?%r&??%gloh rb\f%t g?&em“@&@ ﬁid?éa%edalﬁq? hodge h@gﬂfﬂm expression for

one cel 5 x 105 cel wer e pl at ed
the vamws B}s@:m&l\%«s mmed edthCo sigazl culr@tmso ZFhbows| A§emdeiose—rGSponse

to sevel days with t u ng L or
curve b5 W PR o 105 HEneebap s e LUk i ATt Heidhlh fV/em) while
holdifig R&< bﬁ%ﬁﬁlaﬁurﬁﬁ&ﬂ aikdbhef 85ndl haragtesibticst dﬁ)ﬁSt@ntSGFigllllQSZ) As indicated,
were subjected to a capacitively coupled 60 kHz sine
the mwmum giraessisinefor the varias @Wtrﬁmw&{?d arh ¢ fighbagplitude of 20

ol 4 o R PR T AN P By e
holdlﬂy/CQﬁEtﬂﬂtttﬁb SptatislrdRidtionend iopyimaf arﬁﬂﬂuﬂé\éﬁfiﬁnd pﬁé&fmthrs@l (Figure 3). As

cell culturedishes were Sentjicaffo tr "ofth
indicgieflnie anedmgns epsessiondpr thengrioph &MY SN Agoscusavigpp frequency of

onRe r
60 k%i; {théhlgtg cfeorg? ?T%h?&%t T@W é'al'rgfnﬁ ? O cﬁtle ﬁlaﬁl s, (constant) to
10% ORI 1é8 while hotding gotistartt fthe optimbladtratien,’ amplrtstﬂer umtll foergiency as found

andreverse transcript '
previppglg (Figure 4). As Qldfcateﬁ ll:hoenm 75 . %lxlr)] ss101£J For>fhe I&anous BMP mRNAs

occurred with a 50% duty cycle. Finally, a fifth dose-response is performed varying the time

OFF/time ON parameters while keeping the duty cycle at 50% and the amplitude and frequency
at 20 mV/cm and 60 kHz, respectively, as previously found (Figure 5). As indicated, the

maximum expression for the various BMP mRNAs occurred with a 1 minute ON / 1 minute OFF

50% duty cycle.

[0045] By this method, an optimal signal is determined for producing the greatest increase in

the gene expression of the various BMPs.
-11-



transcri ptase was perforned. 4 igonucl eotide priners
to be used in the real tinme RT-PCR techni que were
wa@edosor@Eas f rom publ i shed cDNA sequences or desP@res2005/000793

[0046)ST g st eRPpdiTiment Eéi(pélﬁé‘rﬁle&QfohMﬁﬁg ﬁk@gﬁﬁﬂfﬂus 50% duty cycle (capacitive
Quantitative real-tinme anal ysis product s, was

coupb@g,f?& Hedcms PP kbbnsingwape) %’n"l Psﬂsqué@%s@aﬁ @ﬁels (capacitive coupling, 20
n [ I
/G AP A 00T 0L A S8 s 0 it cch s
(Figirer6)BMP- 2, BMP-4, BMP-5, BMP-6, and BVP- 7 anong
ot hers- was found systematically as follows. An

| ect . k t £ |
1004, o BB TG s A0 Teel o ARG B8 JB PER b gt of the BMP
gff&h@t—(—ﬁmﬁely ﬁ@ﬂk rételE YWl ab 8n liddfBibe 2kaAling phosphatase activity
rting signal eterm ning the specific signal

that cagr beyéminced |brygBMPe2 flpeslly Afger 2hbogermd sinpration Wl‘tffh a 50% duty cycle

(cons5iREDY i 20 RGP i ol SRR i fon iRl an 1.6-ota

increR® BMPA proih@ 208 ARklind gﬁﬁbhatmraaﬁhw, ir&dpbBvelP bR 7).
(arrpl [ t ude duty cycle, frequency, and waveform

é g . This determnes the optimal duration
[0043]n e Fignze 3 .1%1@6@&@ dalevic d0m éCCQECH@C"eWHPé@%PYSFPn&fn‘F%‘?n that is used to

rOf: h -
et B S LA T8, TRt v, s
adhefdngelattratics ap Iaﬁsnplacfedbh thesitia onAithecidecbfiths kneeas turiseel of the joint

ine B3 0 RS RLTR A Seb Bof b B0 e 16 e

reve@ﬁ Lidl Bt R& APpOWE urfi AlanaR a@tﬁ@he@ttg 8I'VISI RO strap (not shown) fitted
aracteristics constant (Figure 2). As indicated,

arounvbithie wailf) thighroz yeiisin The electiedes d 2ingaysb eBNEcadRINAbe ekmlh)lefoed the patient
ield a third,dose

i1h lit f 20 nv/
soes fbgbsh e REPT ubh b By etelHe o fiaer eeCRinte vwes of
electfdd%ﬂyﬁﬁﬁyza%lﬂealsb@ di ng constant the optimal duration

and opti mal Tlltude as found previously (Figure 3

[004%s Th@p@mrenm 4rie prm”&rahiymn@klriﬁés S HpuFess) atnldmwmdduéa standard 9-
volt 1? g@pf ’lﬁ) %‘i{ gk\% &)Qaka 6f %O %IV/@Q‘J qud—lg’as‘%ne wave signal to

-res onse S per orne ’varyi ng

the eléﬁﬁ”b&sflamébﬁ%%tﬁ@ gldnt W‘Heh thi® sikA4bie prdvedesl apbrdxﬂnately 24 hours per
hol di ng constant the optiml durati on anpl it

day Wﬂ]@&@éﬁ@%ﬁl’ A9t o6k 9‘%@\1,1;1 g)ggplye Qfﬂ g b m4§1ute AEF 1ncremen%js it has been
pgor the various BW
shownl1g sl fnut N6 ERIEUAEKRE %;?/é g% e. Finally, afifth
[00501]03 eThe @malstemivmtnmr Eleariye showasr thiah thet dypainhal nededbiid-fieldrdescribed in the
par anet er s I e kee 0% a
exan%n%%cwy HcH ¥ é@%ﬁ%&@g MR, ey M@%ﬂy e 7 mrNA
and, h@lgz%eﬁfciréégé Mﬂﬂ@ﬁmﬁﬁﬁéfﬂ ARk sitifuNfh §iEiBUR R Mprediie thal;c/P an appropriate

tat e maxi hum expression for the various B
electn&l\ﬂxﬂd oas: ulesaibedi hdreia Withi capeati®GN cougling, mat @scu-élquﬂu%effectlve with

indugtyefoiing ek PO ARICH S S 07! SApCE cHNRPlsts &ty cquivalent,

electric field characteristics. Those skilled in the art will also appreciate that more unique signal

characteristics may be discovered through more experimentation with more data pdints (e.g., a
100 + 3% duty cycle for 30 £ 3 min), but such relatively minor variations in each of the signal
characteristics are believed to be within the level of those skilled in the art given the teachings

herein.

[0051] Those skilled in the art will also appreciate that numerous other modifications to the
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t he gene expression of the various BMPs.[0046] A sixth
experinment is perforned conparing a continuous 50%
wa@laiog/oroasé e (capacitive coupling, 20 mV/cm 60PKHESH0FE0793
1nveﬂ’6ﬁ)Ylea}e f)@ssﬁ)lepWﬁtﬁﬁidthé Q8GR B Yn ki G érftioh CBGaainipls? tHeQ3Htin ) %eld described
mv/cm 60 kHz). As indicated, the increase in BMP-2
heremmam bmaappétb@m aBy foonel Vid £ enlore appraprigiFisytfees elpctrodes, in pairs or

stnps[ ﬁncfoﬁ% ate efg grq %lﬁacba?o gaé){smglf] cdg , ?ﬁ% fdg{}%??ﬁ?k& nge?agg &gtcaﬁc‘ftwe coupling.

AlsonaebytimBMAe”l pésetibedhafe vl beagppliad itacax@rals@lealviaabdn[(e) or solenoid
phosphat ase activity that can be jnduced by

mcorp@véqu int\f ragesp VIPYr @F sty ¢ a1 dgliyesed vt Wean%@%la@wwe coupling.
]

Acco‘f&ﬁﬁé@ ﬁl%%egﬁ df tﬁcg rﬂge%&gﬁg gt 1@?&%}161?%/{0;1%9 dln?R%&(F%tP ¢ e PtdtEired embodiment

descriiedrabase bunoﬂMByZh@ amended daidhsal kal | ne phosphat ase
activity, respectively (Figure 7). [0048] Figure 8
illustrates a device 10 in accordance with the present
invention that is used to treat a patient with
osteoarthritis of the knee. As illustrated, two
circular, soft conductive, selfadherent el ectrodes 12
are placed on the skin on either side of the knee at
the level of the joint line 20. The el ectrodes 12 are
attached to a power unit 14 that has a VELCRQ(r) patch
16 on the reverse side such that the power unit 14 can
be attached to a VELCRQ(r) strap (not shown) fitted
around the calf, thigh or waist. The el ectrodes 12 may
be placed on the skin before the patient goes to bed
each evening or any other convenient tinme. O course,
ot her suitable types of electrodes 12 nay al so be
used. [0049] The power unit 14 is preferably snal
(e.g., 6-8 ounces) and powered by a standard 9- volt
battery to emit a 5-volt peak-to-peak, 6-10 mAnp, 20
nv/cm 60 kHz sine wave signal to the el ectrodes 12
pl aced on the skin. Wen this signal is provided
approxi mately 24 hours per day with the proper duty
cycle (50% in 1 mnute ON and 1 mnute OFF
increnents, it has been shown to significantly
up-regul ate genes encodi ng BMP. [0050] The present
invention clearly shows that the optinmal electric
field described in the exanple can very significantly
up-regul ate BMP-2, BWP-4, BMP-5, BMP-6, and BMP-7 nmRNA
and, hence, increase bone formation. Those skilled in
the art will appreciate that an appropriate electric
field, as described herein with capacitive coupling,
is also equally effective with inductive coupling and
all electromagnetic systens that produce equival ent,
or nearly equivalent, electric field characteristics.
Those skilled in the art will al so appreciate that
nore uni que signal characteristics may be di scovered
t hrough nore experinentation with nore data points

(e.g., a
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100 3% duty cycle for 30 3 min), but such relatively
m nor variations in each of the signal characteristics
wae@shaiiBeved to be within the | evel of those BKI/UB®A5/000793
What 3 ¢lagnéd:t gi ven the teachi ngs herein. [0051] Those
skilled in the art will also appreciate that numerous
ot her nodifications to theinvention are possible

wik-hi n Amethedyfespegifiedlly andyssleetivhy uFﬁ@gUé%&%ﬁh%gerterfécpresmon of
G lied to an
bone oﬁ‘%l?%egetfcv%gteﬂﬁ%r egglgep?%{lﬁ % ST ?’ gggpel ectr odesy

| mh. pai rgeneifatifg bi lpsst oh& egcHiy z&id@lebﬁv&mgtmmat \Imsmgnal @haracteristics
casts, and delivered by means of capacitive cqupli
that an¢ seiectedhio uppeBWAle the et SRTEFIPP & Do TBORARSHISIG ﬁfﬂt?lé(f) (BMPs) as

porated into
measpRAPRRAC PPl dths pIRE (el R P o of
| nduct i exposing fHeitoge tibaedo difield ge;netdh@i bs§cﬂ1p epafifi¢ led selective signal

i nvention_ i.s not i.ntended to be I imi

for 2 predpispPigd SHBYAN RE RIS BEFIFERITSR vt Soli g (p-ppfaipthe
expre3fiBE 8 B | RVl B igN&, ai med: 1. A nethod of

speci ally and sel éctively up-regulating the gene
expreSS|on of bone nDrphogenetlc proteln(s) in tissue,
(o]} gener at |

spbol {1 ERREISPE R CrSares fap g sEpghapries e step of

selecGP@y %ﬁyﬁ{g b bﬁ@lﬁd@l@t dihigors a8y, Frequiacy,ead kfﬂivefdnlﬁfbf the specific

gene expression of bone norphogenetic protell%P
and s¢lRMPe) sigal petilshe vptresplatmRiihrgens xpressighed BMPs4p greagged by
0. t.he | SS ue to a
mm\% léllbdmﬁé jera e%}g% e? t%‘%%@?% s{a'ﬁﬁ%ﬁ’f %e%%el?lf’/e si gnal
for a predetern1ned duration of time at predeterm ned
intervals so as to up-regul ate the expressi on of BMPS
as3-meashicnethyd pRplaimy, W PRI ESECTB RO TSR FOTDRRSICas Hep of
I
geneltaﬁﬁ% %rkﬁ'éﬁhb Q84 ?élgﬁla@ %f%%lr %%%8%1% ds%ht%@ gﬁfi |s§1@ e8F8diYE Y comprises
the step ©f up‘pigzmg t]amﬁield@mé‘ranembgfthd specifipend ﬁq:lectanedslgxml tocthe bene tissue.
signal until the up-regulation of the gene expression
of BMPs as neasured by nRNA in bone tissue by the

geper at 'ﬂ?e fhE@bd of aaﬁﬁ BsdRitinahd ¥pobinh 8Rp %Gmtp%sesﬁhﬁ step of applying
method of claim 1 wherein salqﬁgeneratlng S

the spoifor arsleslective sigeg) totlegeorss atoildy or h@olgp@dulma@damr the bone tissue.
sel ective signal at a renote source and said exposing
step conprises the step of applying the field

gegier ategk R¥hbi of sRAE 4 wEerdifGhs &lpRsink ¢ \Aﬁ%bﬁijb@besitﬁe &1RB of applying
bone tissue. 4. The method of claim erein the

the fieldgsmeatpddtyethe @I@fmﬂq mequ@v%wg@alm theeng fipgyetieugh one of
s&ecifi? and s%_1g %_ﬁggn to el ectrodes, coil(s)
capagifive,cQupling aidy dgEYOUR the bone tissue. 5. The

nmet hod of cl ai m 4 wher ein the exposing step corrpri ses

the step of ap é g the field generated by
sp&ci f i h@nathgép eltaimé whegeinthe Fpeeiie aﬁéﬁ@e@tﬂ\ées%@al causes the

elect}o%eg fég&ngﬁ?e (ﬁie of a capacitive coupling electric field and the coil(s) or solenoid to

generate an electromagnetic field or a combined field.

7. A method for treating at least one of a bone fracture, fracture at risk, delayed
union, nonunion, bone defect, spine fusion, osteonecrosis, and osteoporosis, comprising the steps
of:

a. generating at least one specific and selective signal that up-regulates the gene
-14 -



capaci tive coupling and inductive coupling. 6. The
met hod of claim5 wherein the specific and sel ective
w@e@saloisauses the el ectrodes to generate one PET/ES2005/000793
expreSRiPA O bbnEmo QB gtatein(s) as frieatuledbdmRNA coidl (s) or
sol enoid to generate an electronE%hetic fi%Jd or ﬁ .
cdhbi ne®kPRpiaB fongtissue tnp Held geaerateddyithe gpestiic ad selegtive signal for a

pred e rmAnOPAG i SrPG éc%ter&'il?eﬁtiﬁfe?va?sl sd s Selg&hf%%glg){%%l%% gene

nonuni on, bone “defect, spine fusion, osteo
expre3sidn 0f benpmortiogenetio ppoteinian gneabwed bgp pRMWA:  a.
generating at |east one specific and sel ective signa
t hat up-regul ates the geneexpression
ofd) he"filf plindaepelimh 7PkkdEhhs %xﬁ%in?‘%%%%%ri@é’s HRMAD of
and b. exposing bone tissue to a fielld generated by
capaditiecly pegplinigdhafidldde beud fissse.si gnal for a predet ern ned
duration at predetermned intervals so as to
sel ectively up-regul ate gene expression of bone

oy, phogeREhkthoR b ERIM 72FhdFBIATHE 8ot ¥RYAonPrisdd e step of applying
nmet hod of claim 7 wherein the exposing Step conprises

one ofap ebrcpmegnatisdiedd andergmbigep fipkdgo bhee fissepd to bone

tissue. 9. The nethod of claim7 wherein the exposing

step conprises the step of applying one of an

el gLt r oTRamethod of chindl 7ankkreinaberpéneedinkisedpdotrprisedthe step of

tissue. 10, The nethod of_ claim 7 wherein_the )
generging pa eleqicsield hevng an awplitide ok prgpormaidy &9 B1V/RRH, afine wave

iC - dst |

cont R okl Byle SPMREATRATRYY, NPy Rg ey O WIRGhitict 0 it
approximately 50% and a frequency of approximately 60

lcHz. 11, Th d of clai.m10 wherein th i .
stUp cohis mebeTohEnend GieTa iy RS R e CBOPERG b B of applying
the efe@tric 1P R e ‘bbﬁeﬁﬁ?sué Bor AduFhti R 65%?Rﬂfxi1ﬁﬁﬁfy% H'B%%Lfé\bér)z% hours.

ours every 24 hours. 12. The nethod of ¢laim
wherei n the exposing step conprises the step of

2B 57 ol o PR SpRsde ep orapvin
the elEB@ichRUNAhehos Aisib ford 896 datyt dyeledd anitnte NG minute OFF.
conprises the steps of selectively varying the

anpl i tude, duration, duty cycle, frequency, and

o RO 00 LS A b s
selecPélpRagenetie aniplidide] dirafiod slutpasly, édqibsnciRING wavefdis of the specific

bone tissue bY the generated field is substantiall¥ )
and selpetivagionp! unk! thymp-raglpling ¢fithe eenegxpressipe pEboneRarphogenetic

exDOSI I - ' i .
L R R s
increbgwde ti ssue through one of

14.  The method of claim 13 wherein the exposing step comprises the step of applying
the field generated by the specific and selective signal to the bone tissue through one of

capacitive coupling and inductive coupling.

15.  The method of claim 14 wherein the specific and selective signal causes
electrodes applied to the patient’s skin to generate one.of a capacitive coupling electric field, an

electromagnetic field, and a combined field.
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capaci tive coupling and inductive coupling. 15. The
met hod of claim 14 wherein the specific and sel ective
wa@saroisauses el ectrodes applied to the pati er€T/ESHRH/N0793

to generate one of a capacitive coupling electric

field, an el ectromagnetic field, and_a cqnbi ned .

.’ 16 denicadu the TEEmenteS 3t Teash GRERL bRS FRCPESsTaces at risk
delayRfi uRRRE. ddflott Bone LEREHINHRR bioh! SfeontGbAY Ohd b3leBPdrosis,

nonuni ons, bone defects, spine fusion, osteonecrosts,
compaisthgasdignyl aowse that powpics i legst ans signall thataueate a feld specific and
royi des at |.east one si.gnal, that c eateg a fL%!g
selecgﬁee{qrfufpgeglﬂah%geé)&eg%s%lgq ) lbqqﬁéﬁﬂpg?geﬁa 1%81}?&611’1 s) as measured by
mRNXRhE SRIR0d & or RE1R) BBHHRHRE ek isfenBl Qubddthre@ive said at least one

nmeasured by nmRNA, and el ectrodes or coil (s) connected )
specifio ahf eelsitiymaigrabinr @pplidation pétheifiedd toahe beane fissae forgrwedetermined

specific and sel ective signal .for application of the
duratfngit rod5 TR HEN G 18 17 BricsvSPlib b e s st i of bone
morpBbgdefd ?Ir&éiﬂ‘(s')‘ @flmcAduREd iy HIRODDA aBsdi®b&). ectively

up-regul ate gene expression of bone norphogenetic

protein(s) as neasured by nmRNA in said bone. 17. The

d ev’}. ce h‘g%e cgfl,}v.‘rilcieng)f]c?airnufé ng%gﬂc gégg&é%@ga%%&p&%ﬁ%qggdnves said

untt t I'ves Sal d si device
signatbk@irte.16 further conprising neans for attaching the

el ectrodes to the body of a patient in the vicinity of

bone tissue. 19. The device of claim 16 further

coypri s ] i I t

tnS body Nof AT, il 74 BEERL REmbEE HUR foP AR e clecrodes o
the buiheo i patidneirf the vitiggnefftmne dsdwg. sai d at | east one

speci fic and selective signal is applied to said bone

tissue via one of capacitive coupling and inductive

COppl i NGpe ddviceldtIARY1 E RirRbr Sdrad RO mehRI e Mtdchig the signal source

speci fic and selective signal has a sine wave
to thebodyi gfir atiecoh and generates an electric field having

an anplitude of about 20 nv/cmat 60 kHz with

approximately a 50% duty cycle. 22. A nethod of

t rg@t i nghalledi@ASiclsinel Pvhoenethé FRRL gehesited byasaidistdSasabne specific

ri sk, delayed uni ons, nonunions, bone defects, spine )
and selestivnsigoalivamiier 6 said benrttissae Bewe 68 Fapagitivs cpueplpg anddnductive
teps of exposing bone tissue to the specific and
B¥ective field generated by the device of claim2l so
as to up-regul ate gene expression of bone
nmor phogenetic protein(s) as neasured by nRNA in t )
DG | Begevicnt cHiE HLNHORITTHe SPei 24 SRRy Al ies @ sine wave
conf%é%%?)# %gg %éﬁegatgg ap ?l%(?etﬁg ﬁtenﬁiaﬁrgfggano %@ﬂ&hd’é %b%ﬁ@%@ﬁ@cm at 60 kHz

ctive tot | ssue for
with dpirekinaatelgfa Hppdatyicyeleel y 24

coup

22. A method of treating at least one of bone fractures, fractures at risk, delayed
unions, nonunions, bone defects, spine fusion, osteonecrosis, and osteoporosis comprising the
steps of exposing bone tissue to the specific and selective field generated by the device of claim
21 so as to up-regulate gene expression of bone morphogenetic protein(s) as measured by mRNA

in the bone tissue.

23.  The method of claim 22, wherein the exposing step comprises the step of
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hours every 24 hours wth a 50% duty cycle of 1 mnute
on and 1 mnute off. 24. A nethod of determning a
w@eisotise si gnal that generates an el ectric fPel/uS1005000793
applylg e@EHatian she sasHbeislyat bondtiste fd}(a&i)llratmfmTapPﬂo&ﬁnately 24
the steps of selecting a starting signal w.th a signal
hours; ggsy 2&%@%%} Hue e f‘lkl%b%lft%f ¥ W&%‘é%a@i 1 gyageetled to
af fect cellular production of bone norphogenetic
protein(s), selectively varying a duration of
appd.i catimethod oBdetenshiag tai salgctiveysigihal dit gbn@atdmairaélbﬁﬁc ﬁeld that up-
tha provi des a nost significant |ncrease of BM

regulrat?a gne perRhoggnells PEsIn( P eRmnRytsingthg steps et selgstiag @ﬁgqrtmg signal with
tShL. @dﬁd@%@ﬁ%bﬁd&iﬁ&o%@B 1Ok 8 SuspelOS o dﬁf&f‘&éﬂu?ﬁ%?ducuon of bone

|ncr ase 0 is tfound, varying a duty cyc
morphhgerstia rpmtﬂlg(SS)J Sg‘lmtlvalmvaﬂymg fddmyumyof @pﬂlhatonmf(smdcb@nhag signal
i ncrease. of BMP(s

unti1 JeR b PGt d B STl Peresd o BMe ) Ko pouf v agyipg an

ampleu&d 6f @fd §th@ingistiaal ur#dbh b m?ﬁtlfél@ Tl@itfprdﬁ&&ra\&ﬁbsttsfgﬂﬁcant increase of
provi des a nost significant increaSe of BMP(Ss)

BMF®us ﬁbungsvarmnﬁétdm@dcs@ée ofrthe tartingignat vatpra @t}ﬁ qulﬁ that provides a

mos’cf W tf? gagl nfhtgfegg nglg/ﬁJésﬁ b fo\ﬁgge Yar ¥)61ng} Jsulrag glo N on-oq'f interval of

the dajasyRlt AthSdiphd uadNEt @ibLL intBival that BloeRlee 8 ndsn& ERiES Sntliflcrease of
t he g)ene expression of BMP as neasured by nmnRNA is

BMP(9d#

25. A method as in claim 24, comprising the further steps of selectively varying a
frequency and waveform of said signal, keeping other signal characteristics constant, until a

greatest increase in the gene expression of BMP as measured by mRNA is found.
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